Dynamic Chem ical Pro cess Modelling Using a Multiple Basis Function

Genetic ProgrammingAlgorithm

Mark Hinchliffe

Ad vanced Co ntrol Group

Chemical and Process Engineering

Dept.

University of Newcastle

Newcastle upon T yne

NE1 7RU, UK m.p.hinchliffe@ncl.ac.uk

+44 (0)191 222 5332

Mark Willis

Ad vanced Co ntrol Group

Chemical and Process Engineering

Dept.

University of Newcastle

Newcastle upon T yne

NE1 7RU, UK mark. willis@ncl.ac.uk

+44 (0)191 222 7242

M ing Tha m

Ad vanced Co ntrol Group

Chemical and Process Engineering

Dept.

University of Newcastle

Newcastle upon T yne

NE1 7RU, UK ming.tham@ncl.ac. uk

+44 (0)191 222 7285

Abstract

In this contribution we outline ho wa M ultiple

Basis Functio n Genetic Programming (MBF-GP) algorithm can be used to evolve input-o utput models of d ynamic chemical processes. T wo case studies are used to co mpare the perfor mance of the algorithm with that of a standard GP algorithm. It was found that the MBF-GP algorithm was able to develop d ynamic process models of a significantlygreater accuracythan the standard GP algorithm

1 INTRODUCTION

Previous wor k (McKay et al., 1997) has sho wn that

Genetic Programming (GP) is able to evolve accurate input-output models of stead y-state chemical process systems. Ho wever, it is o ften necessar yfor the engineer to be able to accuratelypredict the d ynamic response o f the process in question. T herefore, the aimo f this wor k is to extend the use of the GP methodologyto the modelling of dynamic chemical process systems.

2 DYNAMIC MODELLING USING GP

In this contribution, GP is used to develop discrete time process models where the model output is a function o f past values of the input(s) and the output. T he resulting models are similar to NARMAX (No n-linear Auto-

Regressive Moving Average with eXogeneous inputs) type models described byChen and Billings (1989).

2.1 ALGORITHM DETAILS

T he MBF-GP algorithmis exactlythe same as the standard GP algorithm(McKay et al., 1997) apart from

the fact that each population me mber is a linear sumo f a number of no n-linear basis functions. T he resulting model is linear in the parameters which means that the model constants can be optimised using the method of recursive least squares ( RLS). T his is not the case for the standard

GP algorithmand therefore a Levenberg-Marquardt nonlinear least squares optimisatio n routine is used.

2.2 CASE STUDIES

T wo case were used to compare the perfor mance o f the

MBF-GP algorithm with that of a standard GP algorithm.

T he first is a no n-linear single-inp ut single-outp ut test systemfro mthe literature (Wang, 1994). T he second involves modelling the degree of starch gelatinisatio n in an ind ustrial cooking extr uder.

3 CONCLUSIONS

T he results of the two case studies sho w that, although there was not a great deal of difference between the accuracyof the best model obtained fro meach set of algorithm runs, the overall accuracy of the model predictions was much greater for the MBF-GP algorithm.

Another advantage was that run times for the MBF-GP algorithm were significantlylo wer due to the use of the

RLS optimisation routine.

References

Chen, S. And Billings, S. A., (1989), Representations of

Non-linear Systems: the NARMAX Model , Int. J. Control, v49, n3, 1013-1032.

Wang, Li-Xin, (1994), Adaptive Fuzzy Systems and

Control Design and Stability Analysis , Prentice Hall.

McKay, B., Willis, M.J., Barton, G., (1997), Steady-state

Modelling of Chemical Process Systems Using Genetic

Programming , Comp uters and Chemical E ngineering,

Vol.21, Issue 9, pp.981-996.